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1. Introduction   
Environmental allergen exposure plays an important role in the development and 
expression of asthma and allergy. To study allergen exposure, it is necessary to actually 
measure allergen levels. Direct measurement is also needed to assess what levels lead to 
sensitisation or provoke symptoms in already sensitised subjects, and evaluate the efficacy 
of allergy reduction strategies (1). The measurement of aeroallergens plays a key role in 
asthma prevention.  
Both the epidemiological studies and the studies on specific IgE to soybean carried out 
following the asthma epidemics in Barcelona attributed their cause to the unloading of 
soybean in the harbour (2-3). The environmental intervention in September 1987 with the 
installation of bag filters in a silo led to a decrease in airborne soybean concentrations and 
the subsequent disappearance of the epidemics (4). The 1,555 U/m3 level of soybean 
allergen detected during a determined asthma epidemic day (5-6) was substantially higher 
than the highest value (165 U/m3) recorded in 22 unloading days after the interventions (4). 
These data show that the measurement of soybean aeroallergen levels in harbours loading 
and unloading soybean is of increasing importance in controlling the efficiency of the 
environmental interventions in order to prevent new asthma outbreaks in these areas.  
In the evaluation of occupational asthma, measurement of the causal agent in the air at 
worksites is a necessary additional link in the chain of evidence that a suspected allergen is 
the cause of the pathology. Such measurements are particularly useful when the allergen is 
unknown, the environment of interest has never before been assessed, and control measures 
have to be considered. Knowledge of the concentration at work also allows correlation 
between exposure of workers and an inhalation challenge test in the laboratory, which is 
performed in individual patients to confirm that the suspected allergenic material that 
evoked the IgE antibody can actually cause an asthmatic response (7). Thus, it is of great 
interest to monitor soybean dust levels indoors. 
2. Soybean aeroallergens 
2.1 Epidemic asthma allergens 
Investigation of the epidemics in the city of Barcelona revealed that the outbreaks were 
caused by soybean dust generated by unloading of soybeans in the harbour on days when 
the wind carried the soybean dust over the city (2-3, 8). Rodrigo et al. (8) demonstrated that 
during an epidemic the serum of patients with asthma reacted specifically to an acidic, low-
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molecular mass (LMM) protein (<14 kDa) located principally in hulls and dust of soybeans 
unloaded in the harbour. Two proteins located in soybean hulls were later shown to be the 
main allergens responsible for this asthma epidemic (9). Both proteins are isoallergens (Gly 
m 1a and Gly m 1b) with molecular weights of 7.0 and 7.5 kDa, respectively, and are highly 
homologous with the hydrophobic soybean protein (HSP) described by Odani et al. (10). 
2.2 Occupational asthma allergens 
Exposure to soybean dust and flour has been reported to cause occupational allergic asthma 
in persons working in a variety of occupations, such farmers, mill workers, soybean 
handlers and bakers (11-19).  
It has been established that the allergens responsible for occupational asthma in bakers 
exposed to soy flour are not the same as those involved in soy dust-induced asthma 
epidemics, and the proteins causing both these conditions may differ from those involved in 
cases of adverse reactions following oral ingestion of soy (19). The low-molecular weight 
(LMW) soybean hull proteins (8, 20), Gly m 1 (9, 21) and Gly m 2 (22) have been identified as 
the main allergens that cause the asthma outbreaks, while allergens responsible for soybean 
flour-induced occupational asthma would be mainly high-molecular weight (HMW) 
proteins (17, 19). Soy hull components may, however, also have been involved in 
occupational asthma reported in animal feed manufacturers (23). Thus, ‘soy aeroallergen 
exposure’ might vary markedly between worksites.  
In 1988 a study was performed to characterize the allergens involved in a food-processing 
worker’s IgE-mediated response to soybean flour (15). Nine proteins were recognised, with 
molecular weights ranging from 54.5 to 14.9 kDa (15). Reactivity to soybean flour was also 
observed in a study performed by Alvarez et al (24) in 9 of 21 cereal workers. Therefore, the 
allergens involved in occupational asthma may differ from the causative agents in the 
Barcelona epidemics. 
3. Methods for immunoquantitative measurement of soybean aeroallergen 
For monitoring aeroallergens it is indispensable to have simple and reliable techniques. 
Morphologically identifiable allergenic particles such as pollen grains can be quantified by 
appropriate air sampling techniques and counting microscopically. Viable particles such as 
mould spores can be cultured quantitatively. Chemical assays for LMW substances such as 
diisocyanates have been invaluable in monitoring the environment for efficacy of control 
measures assigned to reduce exposure (25). But many allergens are amorphous, non-viable 
particles that cannot be quantified by these methods. Thus, the current means for objectively 
quantifying airborne allergens levels is air sampling on filter, elution of the allergens from 
the filter, and measurement of allergen concentration in the eluate by specific 
immunoassays. 
Several different immunological methods have been used to measure occupational and 
environmental allergens, with the Radio Allergo Sorbent Test (RAST) and Enzyme Linked 
Immunoabsorvent Assay (ELISA)-inhibition being the most used. However, ELISA has 
replaced the RAST in many laboratories, as it offers comparable sensitivity without the 
problems of disposal and the short half-life associated with radioactive materials. 
Immunoassays measure allergen levels in samples by using antibodies directed against the 
allergens. The antibodies may be derived from pooled sera from sensitised patients or from 
experimentally sensitised animals. The latter can be either polyclonal antibodies that 
recognise a range of epitopes, or monoclonal antibodies, consisting of one clone of a specific 
antibody. Sandwich or inhibition assay set-ups can be utilised (1). 
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Specific human IgE is theoretically the ideal antibody, since, by definition, it only detects the 
allergen to be measured (26). However, an obvious disadvantage of assays using human IgE 
antibody is the limited availability of suitable sera and the occupational health risk associated 
with the handling of human blood samples. Availability is even poorer because of the low 
absolute titres; at times nearly undiluted sera must be used for the IgE inhibition assays. 
Moreover, IgE inhibition methods are frequently considered semiquantitative assays with 
potential long-term reproducibility problems because of the use of heterogeneous antibody 
pools (27). Furthermore, testing by different laboratories using their own serum pools may be 
subject to inter-laboratory and possibly inter-batch differences in allergen recognition profiles 
(28). This makes comparison of absolute measurements of airborne allergens among different 
studies difficult (29). Due to those limitations other assays have been developed.  
3.1 Monitoring soy aeroallergens causing epidemic asthma 
To monitor soy aeroallergens in the city of Barcelona, samples are obtained by large-volume 
automated air samplers containing glass microfiber filters with a 1 μm pore size of. In October 
1986, two samplers were installed in highly populated areas of the city where many epidemic 
cases had been identified (5). Further studies were centred on results obtained from the 
municipal atmospheric contamination control station located in the port authority customs 
building. This station was closest to the soy processing plants and to neighbourhoods with the 
largest number of affected patients (30). Allergens were extracted from the filters and 
immunochemically assayed. Measurements from sampling filters yield a 24 hour average.  
Some immunoassays have been described for quantifying airborne levels of the LMW soy 
allergens (20, 31-32). A human IgE ELISA-inhibition method is currently used for daily 
monitoring of the soy hull LMW (SHLMW) aeroallergens in the city of Barcelona (31) (Figure 
1A). The amplified ELISA inhibition method use as antigen and reference preparation a 
SHLMM extract which contains proteins with a molecular weight lower than 10 kDa and as 
primary antibody a pool of human sera. This method is useful for soybean monitoring but, has 
the drawbacks of using human antibodies and being an inhibition method. 
Because the widespread use of human sera in these assays is complicated by their limited 
availability and a relatively low sensitivity, other assays have been developed, such as the 
monoclonal antibody based method to quantify Gly m 1 (32). However, the high specificity 
of a monoclonal antibody-based ELISA – depending on the recognition of a single epitope – 
could also be a disadvantage if in some soy dust mixtures the epitope is masked and the 
actual allergen exposure level is thus underestimated (33). Therefore recently was also 
developed a polyclonal rabbit IgG-based assay for soy hull antigens. Gomez-Olles et al (34) 
describes an ‘amplified ELISA’, that combines a high sensitivity with reasonably high 
specificity while avoiding the risk of false-negatives associated with the use of monoclonal 
antibodies (Figure 1B). There are positive advantages of using polyclonals, e.g. cheaper and 
easier, the polyclonal method is less disturbed by epitope losses, several allergens may be 
present that can be detected and polyclonal methods can be made very sensitive. 
3.2 Monitoring soy aeroallergens causing occupational asthma 
Epidemiologic studies suggest that in addition to genetic and other factors related to 
individual susceptibility, one determinant of the prevalence of occupational asthma is the 
level of exposure to a workplace sensitizer (35). 
Since the introduction of immunochemical techniques, a considerable number of exposure 
studies have been performed in a wide range of occupational settings. Allergen exposure 
has been assessed for enzymes such as papain in the meat processing industry, fungal α-
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amylase in the baking industry, egg protein, pig and cow urinary and dander proteins in 
agriculture, wheat allergens, and rat and mouse urinary allergens (26). The first reports of 
soy allergy were occupation-related and occurred in soybean mill workers (11).  
To evaluate differences in quality and quantity of soy aeroallergens among different 
worksites and assess the suitability of different immunoassays to measure workplace soy 
aeroallergens levels, a large series of airborne samples were collected in three European 
countries in soy plants, animal feed industries and in pig farms (36). Samples were either 
analysed for airborne soy allergen by five ELISAs with different specificity and/or 
sensitivity. Comparison of allergen levels measured by the different ELISAs showed a very 
strong correlation between several of the methods. Nevertheless, some differences were 
found between some of these methods. These differences can be attributed in part to 
differences in the specificities of antibodies and allergen standards, as found in other studies 
where differences in antibody specificities accounted for up to 800-fold differences (37). 
Reported soy aeroallergen levels also depended strongly on the sampling site. In addition, 
the relative ranking of exposure levels in various work environments depended in the 
ELISA applied, and this could also be ascribed to the different specificities of the methods. 
Thus, the data strongly suggest that airborne samples from different work environments 
with ‘soy exposure’ may contain ‘soy dust’ with quite different composition. For example, 
soy hull antigens are more commonly found at sites where whole soybeans are unloaded 
and stored, such as at the harbour silos in Barcelona (8,9), whereas in a work environment 
where processed soybean and flours are used, such as feed and food industries, the airborne 
soy proteins maybe mainly soy flour-derived. Differences in soy allergen composition of 
airborne samples and differences in ELISA antibody specificity might also explain the very 
low correlations between some of the assays.  
Thus, no unambiguous answer can be given to the question regarding the optimal 
procedure for assessment of airborne soy allergen exposure. In addition to the sensitivity, 
specificity and reproducibility of the assays and the availability of reagents, the work 
environment that is going to be evaluated should be considered.  
 
 
Fig. 1.  
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